The paper describes the di erences between the actual results of the measurement of equivalent sound level and the feelings of people visiting "a Spa Park". Noise, as one of the environmental pollutants, cause detrimental e ects on the recipient. Measurements of noise are usually performed in urban areas, especially in the road environments, providing a basis for measures to limit their impact on the environment. Often in the measurement there are ignored areas for recreation. Usually, they do not determine the relationship between the results of measurements of noise equivalent sound level and the individual feelings of the people living in these areas. The analysis was performed with the use of fuzzy set theory. The evaluation of the acoustic climate on the "Spa Park" should be determined on the basis of sound level measurements and questionnaires.
Introduction
The acoustic climate of an area is the product of all acoustic phenomena that occur there. Its management should be based on measures which will lead to the development of optimum conditions from the point of view of human health and activities. In order to do that, one should have the relevant knowledge and be familiar with the tools to manage the knowledge properly. Knowledge management does not only consist in a skilful utilisation of available resources, but also in the achievement of superior results. It is a process which consists of di erent elements: theory of management, mathematics, technical support and appropriate nancial resources [1] [2] [3] .
The problem discussed in this article concerns an assessment of the noise pollution of the spa park area in Inowrocław. To this end, it is necessary to use some knowledge from various disciplines, such as mathematics, acoustics, spatial planning, economy and environment protection.
Air pollution comprises all particulates, liquids, gases, noise and vibration, as well as radioactive energy, which occur in quantities that disturb or pose threats to the correct functioning of the biosphere, including human health [4] . By using available knowledge and resources concerning the problem, the pollution can be located, measured and analysed from the point of view of its impact on people and their environment [5] .
Environmental protection involves objectives, methods and measures to encourage the sustainable development of a given ecosystem. It is used to predict e ects of economic activities on the environment and stimulates a general improvement of the state of natural environment. The issues addressed in environmental protection concern the development of technical, biological and structural measures to serve human activities in natural environment, since the state of environment is a decisive factor for the quality of life.
Green areas are among key elements comprising natural and cultural environments. They have always been treated as an essential component of the living environment, enhancing the quality of life. It has been proven that greeneries have a bene cial in uence on the environment of urban areas (limiting the spread of dust, gas and noise) and provide necessary space for recreation.
The purpose of this article is to show di erences between the actual results of measurements of equivalent sound level on the one side and on the other side the perception of noise nuisance of people visiting the spa park selected for the study. The analysis of this relationship was conducted using the fuzzy set theory.
Parks are a kind of green areas used in landscaping. In Polish legislation, a park is de ned as an area of vital importance to ful l the needs of residents, to improve their quality of life and to encourage social interactions, thanks to its location and functional and spatial characteristics (the law of 27 March 2003 on spatial planning and land development) . By de nition, parks are quiet areas, being the place to rest, relax and enjoy social gatherings. They enable people to spend their free time, either by resting or entertaining themselves [6] [7] [8] [9] [10] . The main objective of a park is to create favourable conditions for peaceful individual or non-organised leisure. The development of a park depends on its area. In small parks, it is not possible to incorporate a few intended for di erent activities because of a lack of space. Therefore, in most cases these serve one purpose, for example, are used as walking grounds or playgrounds for children. On the other hand, in larger parks, a number of di erent functions are provided, often in adjacent areas. There may be sports grounds or party zones next to walking alleys and quiet areas. In this type of park, it is very di cult to isolate di erent functions because a park is always an open space where the introduction of arti cial barriers separating individual zones does not seem to be a good solution. There is also a problem of mutual penetration of noise between such zones [11, 12] . Sadowski [13] de ned the acoustic shaping of environment as a process based on the formation of such acoustic conditions that would be the most favourable for human health and activities.
The manner in which health resorts are developed spatially diverges from the principles applied in the case of typical settlement units. Up to the present, historical spa parks have often been the main or even the only organised green area in the whole place [14] .
Spa parks in health resorts are subject to the regulations of the Polish law of 28 July 2005 on spa medicine, health resorts, health resort protection areas and districts, and to the Polish standard established for 'health resorts'. The term 'health resort' indicates a combination of therapeutic and holiday functions within an area. The basic principle of activity in such areas is to strike a balance between natural and cultural environmental factors [14] .
Methods
The object of this study is a Polish lowland health resort called Uzdrowisko Inowrocław, established in 1875. The spa park, situated on the western edge of the town, has been functionally developed to serve both therapeutic and recreational activities, and meets the basic requirements of a spa. The spa treatments in Inowrocław are based on brine, which is used to prevent and treat upper respiratory tract diseases, circulatory system diseases and others. The Solanki spa park is the central element of the therapeutic and recreational part of the town. It comprises sanatoriums and other facilities o ering spa medicine (natural therapy centres and brine graduation towers) [15] . The central part of the park is covered by a preservation maintenance policy (Fig. 1) .
The Directive 2002/49 of The European Parliament and the Council of the European Union, relating to the assessment and management of environmental noise, aims at providing a common approach to avoid, prevent or reduce the harmful e ects, including annoyance, due to exposure to environmental noise [16] . Studies of noise level aim at the determination of possible instances of excessive noise levels as compared with the values speci ed in reference standards. However, if any excessive noise is not con rmed, there are no legal grounds to introduce any protective measures in the investigated area. Since parks are places for relaxation and leisure activities, and can also serve therapeutic purposes, it seems justi ed to conduct appropriate surveys in order to establish the e ciency of any protective measures. This study attempts to provide an answer to the question to what extent park noises below applicable standards a ect the acoustic climate of a park, and whether they are perceived by visitors as disturbing or insigni cant. To this end, at rst the noise levels in the spa park were measured to provide reference values for the development of survey results in which respondents were expected to answer questions regarding the frequency of their visits to the park, the hours at which they visited the park, the purpose of their visits, and their subjective sense of nuisance from seven sources of noise (road tra c, rail tra c, music, equipment, hubbub from sports facilities, restaurants and children's playing).
The survey provided information about people's perception of noise intensity, which was grouped into bands with fuzzy limits. Therefore, the membership of the analysed set of information about the perceived noise sensation could be assessed by the application of the fuzzy set theory [17, 18] .
Fuzzy sets can be used to de ne imprecise notions, such as 'a tall man', 'a lot of noise', 'low temperature' etc. Fuzzy sets are particularly useful when representing notions with unspeci ed boundaries. In such sets, grades of membership can be established with continuous transition from no membership to full membership [19, 20] .
The grade of membership of a fuzzy set is usually a subjective value, dependent on the context and determined by individuals, groups of people or teams of experts.
It is important to establish the grade of membership in a study. The determination of an indicator function of a fuzzy set assumes values from the range of [0;1]. The function may be subjective. However, when applying a fuzzy set approach to any problem, one should expect that the results will depend on the accuracy of determination of the grades of membership. The determination of membership grades examines how people understand a given fuzzy notion and how important to them is the phenomenon described by the notion is to them.
The de nition of the composition of the fuzzy set A ⊆ X and of the fuzzy relation R ⊆ X × Y is exceptionally important from the point of view of the application. The composition is expressed as A • R and de ned as the fuzzy set B ⊆ Y (1):
with the following membership function (2):
For the purpose of the analysed problem, a sup-min type of composition was assumed, which for a nite number of elements comes down to a max-min composition with the following form (3):
In the survey, whose objective was to assess the perceived noise nuisance within the park area, respondents used a four-level scale provided, which enabled them to de ne the nuisance of the perceived sounds (noise nuisance: severe, substantial, moderate, low). An analysis of the responses con rmed the nuisance of road and rail tra c noise, as well as of music and noisy behaviour of children.
Results
The fuzzy set analysis commenced with the determination of a fuzzy set and a fuzzy relation. The fuzzy set was established on the assumption of an equal in uence of all the seven sources of sound on the total noise level in the park. The fuzzy set is shown in Table 1 . The values of fuzzy relations for individual seasons were determined on the basis of the survey. They contain a percentage distribution of the perception of each kind of noise in individual seasons. The relations are shown in Tables 2, 3, 4 and 5. As a result of composition of the fuzzy set A and the fuzzy relation R, according to dependence 3, the B set was determined (Table 3) . The nal analysis was adapted scoring averages vectors assessments relating to adapt four bands of noise assessment. They represent the resulting noise in the individual scoring seasons. These values are summarized in Table 4 . The nal development of results was based on a comparison of the di erences between measured values and survey values. This proved that the perception of noise by people visiting the park was di erent from the actual measurements of its levels.
Discussion
This research aimed to show the di erences in sound perception between the results of equivalent sound level and people feelings. In the analysis of di erences the fuzzy logic was used.
The calculated di erences (Table 5) were used to compare the measured values with the results of the survey. If the level of noise perceived by the visitors had been con-sistent with the physical measurements, the di erences would have been similar. In addition it was demonstrated that there were discrepancies between them, particularly in the summer season (− . dB) and in the winter season (1.3 dB). In summer, the respondents revealed a smaller sensitivity to noise, whereas in winter the di erence indicates an increased sensitivity in the perception of audible noises.
Sound measurements in the parks include noise from the sources speci ed in the law. However, the acoustic climate of such areas doesn't depend only on this type of sounds. In such areas, there are also internal sources (eg birds, fountain). They have primarily impact on the sound space developing [6] . Next to the quiet area are those with bigger noise. The visitors willingly choose, in their opinion, quieter areas. Therefore, subjective sounds perception and its correlation with physical measurements is an important part of creating a soundscape in this type of areas [6, 10, 11] . The above analysis showed inconsistencies in the perception of sounds. The results con rm that the multiplicity of generating sounds sources "suppress" existing noise. However, a shortage of additional sound stimuli increases feeling of larger volume.
Conclusion
The application of available knowledge resources enables this type of analyses and approach to the described type of areas. A spa park is a speci c area. It is supposed to serve therapeutic functions and to cater to the needs of tourists and people seeking recreation. An assessment of the acoustic climate within its boundaries, determined only with reference to tra c noise, does not enable a comprehensive representation of the acoustic conditions that prevail in the park. In the case of multi-function parks, where various sources of noise occur, these should also be considered.
Taking the above-presented analysis into the account, it should be noted that an assessment of acoustic climate of the spa park in Inowrocław must be conducted both by means of instrumental measurements of the noise levels and by surveys. The issue of noise in park areas, its measurement and the survey-based studies of the noise nuisance perceived by people visiting the parks has not been addressed in publications so far. Therefore, it seems appropriate to focus attention to the problem thus formulated.
